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20.  ABSTRACT  (Continued) 

field  center  coordinates.  The  errors  in  position  of  the  detected  images  are  less  than  about  3 arc-min.  Cor- 
relations are  given  with  star  numbers  in  the  Smithsonian  Astrophysical  Observatory  catalog.  Values  are 
given  of  the  peak  density  and  the  density  volume  (a  product  of  the  number  of  pixels  in  the  image  and 
the  density  units  above  background  in  each  pbcel).  The  text  includes  a discussion  of  the  photometry, 
corrections  thereto  due  to  threshold  and  saturation  effects,  and  its  comparison  with  theoretical  expec- 
tation, stellar  model  atmospheres,  and  a generalized  far-ultraviolet  interstellar  extinction  law.  The  S201 
catalog  is  also  available  on  a single  reel  of  seven-track  magnetic  tape. 
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THE  S201  CATALOG  OF  FAR-ULTRAVIOLET  OBJECTS 


INTRODUCTION 

The  Naval  Research  Laboratory’s  Far-Ultraviolet  Camera/Spectrograph  (Experiment 
S201)  was  operated  from  21  April  to  23  April  1972  on  the  lunar  surface  during  the  Apollo- 
16  mission.  A primary  objective  of  this  experiment  was  to  obtain  far-ultraviolet  images  and 
spectra  of  stars,  nebulas,  and  extragalactic  objects  against  the  low  sky  background  seen  from 
the  lunar  surface.  Figure  1 is  a photograph  of  a training  model  of  the  instrument,  illustrat- 
ing its  external  features.  The  instrument  was  based  on  an  electro  graphic  Schmidt  camera 
(Fig.  2).  Further  details  of  the  instrument  are  given  in  Ref.  1. 

The  direct-imagery  frames  from  the  S201  camera  covered  20° -diameter  circular  fields 
of  view  and  had  limiting  resolution  of  about  2 arc-min  at  field  center,  degrading  to  about  4 
arc-min  near  the  edges.  Exposures  of  1,  3,  and  10  min  were  taken  with  a LiF  corrector  on 
the  electrographic  Schmidt  camera  (designated  ILi  exposures,  wavelength  range  1050  to 
1600  A),  followed  by  exposures  of  3, 10,  and  30  min  with  a CaF2  corrector  (designated  ICa 
exposures,  wavelength  range  1250  to  1600  A).  Figure  3 shows  as  a function  of  wavelength 
the  overall  detection  efficiency  of  the  camera  in  these  two  modes  of  operation.  In  some 
cases  the  sequence  was  cut  short,  with  the  result  that  the  last  exposure  was  less  than  the 
maximum  of  10  min  for  ILi  or  30  min  for  ICa. 

The  ILi  exposures  include  a diffuse  background  due  to  interplanetjiry  Lyman-a  emis- 
sion [2] . This  background  produced  a rather  high  fog  level  on  the  3-min  ILi  exposures  and 
made  nearly  all  10-min  ILi  exposures  unusable  due  to  saturation  of  the  emulsion. 

The  camera  was  pointed  at  ten  preselected  target  fields  (Figs.  4a,  5a, ...,  13a)  during 
the  48  hr  it  was  deployed,  and  it  obtained  185  photos  and  spectra.  These  included  fields  of 
view  in  and  out  of  the  galactic  plane,  allowing  a sampling  of  both  galactic  and  extragalactic 
objects.  Both  the  target  selection  and  the  observing  time  on  each  were  largely  constrained 
by  the  mission  time-line,  the  location  of  the  landing  site  (9°00'S,  15°3l'E),  and  the  position 
of  the  camera  in  the  shadow  of  the  lunar  module.  Negative  prints  of  the  best  direct-imagery 
frames  for  each  target  are  shown  in  Figs.  4b,  5b, ...,  13b. 

Preliminary  results  of  experiment  S201  were  given  in  Ref.  4 ; other  published  papers 
have  given  details  of  the  imagery  and  spectrography  of  the  terrestrial  upper  atmosphere  and 
geocorona  [2,  5,  6] , imagery  of  nebulosities  in  Cygnus  [7] , and  imagery  and  spectrography 
of  the  Large  Magellanic  Cloud  [8-10] . 

Manuscript  submitted  September  23,  1977. 
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Fig.  1 — Training  tnodpi  of  thr  NRL  far  ullraviolpt  campra  sppctrograph 
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S201  pointing  is  shown  by  the  circle. 


S201  starri«'*d  photograph  (framr  A27,  K'a,  rxposuro  time  10-niin) 


6 


Fig.  4c  — Smithsonian  Astrophysical  Observatory  (SAO)  star  plot  of  area  covered  by  the  S201  image  of  Fig.  4b.  North 
direction  is  indicated  by  arrow.  Relative  magnitudes  are  computed  from  SAO  spectral  classes  and  S201  camera  response  as 
explained  in  the  text. 
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51)  — S2()l  starfu'ld  photograph  (tVanu*  Al5.  K’a.  10-niin  rxposuri*) 


Fig.  5c  — Smithsonian  Astrophysical  Observatory  (SAO)  star  plot  of  area  covered  by  the  S201  image  of  Fig.  5b 


Fig.  5d  — Sample  isodensity  contour  plot.  Orientation  is  the  same  as  in  Figs.  5b  and  5c. 
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.O)  star  plot  of  area  covered  by  the  S201  image  of  Fig.  6b 
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Fig.  7a  — Preselected  target  field  (Grus-N55).  Two  overlapping  fields  shown.  The  approxi- 
mate area  covered  by  the  S201  pointing  is  shown  by  the  two  circles  (beginning  and  ending 
of  sequence). 
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■ Preselected  tarijet  field  (Pavo). 
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Fjjj.  8c  — Smithsonian  Astrophysical  Observatory  (SAG)  star  plot  of  area  covered  by  the  S201  imatje  of  Fig.  8b 


Sample  isodensity  contour  plot.  Orientation  is  the  same  as  in  Fijjs.  8b  and  8c. 


I 


S201  image  of  Fig.  9b 


p approximate  area  covered  by  the  S201  pointinp  is  shown  by  the  circle, 
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S201  image  of  Fig.  10b 


Fig.  lOd  — Sample  isodensity  contour  plot.  Orientation  is  the  same  as  in  Figs.  10b  and  10c. 


S201  starfipid  photograph  (Aquarius  1,  fratni'  AlhG,  K'a,  10-min  exposure) 
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Fig.  1 3a  — Preselected  target  field  (Sagittarius-MVV  Center).  The  approximate  area 
covered  by  the  S201  pointing  is  shown  by  the  circle. 
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Fig.  13b  — S20I  starfield  photograph  (framo  A203,  ICa,  lO-min  exposure) 
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Fig.  13c  — Smithsonian  Aslrophysical  Observatory  (SAO)  star  plot  of  area  covered  by  the  S201  image  of  Fig.  13h 


Fig.  13d  — Sample  isodensity  contour  plot.  Orientation  is  the  .same  as  in  Figs.  13b  and  13c 
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DATA  ANALYSIS 

All  204  frames,  including,  for  example,  calibration  on  frames  A1  to  A19,  stellar 
imagery  on  frames  A21  to  A28,  and  spectra  on  frames  A48  to  A56,  were  scanned  with  a 
PDS  microdensitometer  in  South  Pasadena,  Calif.,  specially  tuned  by  its  Boiler  and  Chivens 
manufacturers  to  cover  the  range  0 to  5.2  density.  The  output  (optical  density  D = log  (/q//) 
was  recorded  on  27  seven  track  magnetic  tapes  at  800  bits/inch  and  with  odd  parity.  These 
data,  after  reformatting  on  new  tapes,  were  deposited  with  the  National  Space  Science  Data 
Center,  Code  601,  NASA  Goddard  Space  Flight  Center,  Greenbelt,  MD  20771,  on  16  reels 
numbered  D23995  to  D24010  inclusive. 

The  scan  matrix  was  1024  by  1024  rasters  (1024^  jc,  y points,  or  pixels)  on  all  scans 
except  calibration  frames,  and  one  r2ister  was  33  pm,  corresponding  to  1.19  arc-min  in  the 
sky.  The  densitometer  spot  was  40  pm  square.  The  x direction  was  parallel  to  the  film  edge 
toward  the  tail  end  of  the  film,  which  was  loaded  emulsion  up,  and  the  y direction  was 
across  the  film  at  90°  clockwise  from  x (a  left-hand  coordinate  system).  Scan  speeds  of 
17.2,  8.6,  and  4.3  mm/s  were  used,  requiring  1/2, 1,  or  2 hr  per  frame.  The  speed  was 
selected  according  to  eye  estimates  of  the  density  gradients  on  each  frame  (lowest  speed  for 
high  density  gradients).  A speed  test  was  undertaken  for  four  star  images  on  frames  A191 
and  A192  and  showed  that  the  PDS  recording  lag  [11]  reduced  the  measured  peak  density 
in  a star  image,  although  the  position  of  the  image  was  unaffected  because  of  the  zigzag  scan 
(+x,  then  -x). 

The  center  of  each  scan  (x  = 512,  y = 512)  was  placed  as  nearly  as  possible  at  the  frame 
center.  The  PDS  density  readings  (in  units  of  O.OID)  were  checked  by  scanning  standard 
step  wedges  at  the  beginning  and  end,  together  with  the  calibration  frames.  No  zero-point 
drift  of  the  PDS  microdensitometer  was  detected  in  the  19  days  of  scanning  (29  July  to  16 
August  1974).  There  were  one  to  seven  parity  errors  on  19  of  the  frame  scans,  and  one  bad 
tape  was  discovered  by  playback;  the  seems  were  repeated.  The  PDS  recorded  densities  in 
units  of  O.OID  (100  log  IqII),  and  these  units  are  used  throughout  this  cateilog. 

An  asset  of  the  electrographic  recording  technique  is  that  the  optical  density  of  the 
processed  emulsion  is  directly  proportional  to  integrated  photon  flux  up  to  densities  of 
about  1.5D,  and  the  relationship  between  density  and  exposure  can  be  determined  to  densi- 
ties over  3.5D.  Preflight  laboratory  cedibrations  of  the  S201  instrument’s  spectral  response 
and  absolute  sensitivity  were  used  to  determine  the  ultraviolet  brightnesses  of  observed  dif- 
fuse sources  and  point  sources  (star  images).  Observations  of  the  hydrogen  geocoroneil  and 
interplanetary  Lyman-a  emissions  [2]  are  consistent  with  other  measures  of  these  emissions, 
and  hence  tend  to  confirm  the  preflight  calibrations. 

Star  images  were  detected,  located,  and  identified  by  a series  of  EXEC  II  progreuns  on 
the  Univac  1108  computer  at  the  NASA  Johnson  Space  Center.  Seven  major  programs  were 
written  and  can  be  summarized  as  follows: 

• The  REFORMAT  program  added  a header  starting  with  the  frame  number  and 
added  an  end-of-file  mark  to  each  PDS  scan,  creating  a new  tape  compatible  with  the  EXEC 
11  system. 
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• The  SMOOTH  projiram  was  found  neeessary  to  reduce  tjrain  noise  in  the  PDS  out- 
put. It  created  a new  data  tape  by  averaging  12  surrounding  pixels  with  each  pixel  in  the 
scan,  using  the  following  weighting  factors  to  give  a smoothed  density  D(x.  y)  at  each  point 
X,  y: 


1/36 

2/36 

4/36 

2/36 

4/36 

8/36 

4/36  1/36 

2/36 

4/36 

1/36 

2/36 

• The  CONTOUR  program  plotted  isodensity  contours  at  selectable  contour  intervals 
over  selectable  regions  of  the  scan.  This  was  used  primarily  to  give  quantitative  intensity  dis- 
tributions over  extended  far -ultraviolet  objects  such  as  the  geocorona,  possible  clouds  in  the 
solar  wind,  nebulas,  clouds  in  the  Large  Magellanic  Cloud  (LMC),  other  galaxies,  and  clusters 
of  galaxies.  Sample  full-frame  plots  are  shown  in  Figs.  4d,  5d,  ...,  13d.  These  contour  plots 
also  revealed  defects  in  the  scan  data,  such  as  hairs  and  scratches,  which  were  later  removed 
from  the  list  of  star  images.  They  show  streaks  (ais  in  Fig.  12d)  caused  by  inhomogenieties 

in  the  barrier  membrane,  a lenticular  region  of  low  cathode  sensitivity  in  the  low-.r,  high-y 
part  of  each  frame,  and  small  variations  in  the  background  density  (B)  due  to  vignetting. 
Small-region  (enlarged)  contour  plots  were  used  to  check  density -volumes  derived  from  the 
STAR  DETECTION  program. 

• The  ST.AR  DETECTION  program  identified  each  starlike  image  by  its  “edge”  20 

units  (0.2D)  above  local  background,  measured  its  “area”  by  the  number  N of  pixels  within 
the  edge,  added  up  the  total  density  and  mccisured  the  peak  density  P,  the  x,  y coordi- 

nates of  the  peak,  and  the  local  background  B.  From  these  measurements  the  density 
volume  of  the  image  V'  = - yfD  - B)  can  be  derived.  This  program  is  described  in  detail  in 
Appendix  .A. 

• The  STAR  PLOT  program  was  based  on  a tape  created  from  the  SAO  catalog  tape 
provided  by  the  Smithsonian  Astrophysical  Observatory,  Cambridge,  MA  02138.  That  cata- 
log, dated  1966,  lists  258,997  stars  as  faint  £is  10.5  visual  magnitude  (complete  to  approxi- 
mately 9 magnitude)  in  all  parts  of  the  sky,  together  with  spectral  type,  visual  magnitude 
m^,,  photographic  magnitude  trip,  right  ascension  a,  declination  6,  (the  latter  two  being 
1950  coordinates),  proper  motions,  and  references.  A new  tape  “SAO  CATALOG  APOLLO” 
'vas  created,  listing  all  SAO  stars  of  O,  B,  and  A types,  F stars  brighter  than  4.5  visual  magni- 
tude and  other  types  brighter  than  3.5  visual  magnitude  in  regions  covering  the  ten  S201 
target  fields  listc'd  in  Table  1.  From  this  tape  the  STAR  PLOT  program  created  plots  and  list 
lists  of  the  SAO  stars  in  fields  accurately  matching  the  S201  fields  and  using  symbols  that 
roughly  represent  far-ultraviolet  magnitudes,  as  shown  in  Figs.  4c,  5c,  ...,  13c.  These  rough 
far-ultraviolet  magnitudes  were  computed  using  blackbody  curves  for  the  effective  tempera- 
tures appropriate  to  the  spectral  classes  and  integrating  the  fluxes  over  the  range  1050- 
1600  A for  the  ILi  frames  and  over  the  range  1250-1600  A for  the  ICa  frames.  These  plots 
were  used  to  identify  three  to  23  star  images  on  each  frame  with  the  brighter  SAO  stars. 

(A  previous  step  had  been  the  identification  of  three  to  five  bright  O-B  stars  by  visual  in- 
spection and  comparison  with  the  Skalnate-Pleso  charts  (Figs.  4a,  5a,  ...,  13a).)  It  was  later 
found  necessary  to  introduce  a “distortion  correction”  (A.v  and  Ay  as  a function  of  x.  y ) 
to  eliminate  an  S-shaped  distortion  produced  by  a nonuniform  magnetic  field  in  the  S201 
camera.  This  involved  plots  of  detected  images  and  plotted  positions  of  over  150  SAO 
stars  in  two  fields  (Cygnus  and  Sagittarius),  plots  of  resulting  A.r  and  Ay,  and  smoothing 
the  A.x,  Ay  matrix. 
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• The  COORDINATE  TRANSFORMATION  program  used  the  input  of  three  or  more 
identified  star  positions  (x,  y and  a,  6)  and  the  distortion  matrix  to  convert  all  detected  star 
positions  on  one  frame  from  scan  coordinates  to  celestial  (1950)  coordinates  right  ciscension 
(a)  and  declination  (6).  The  program  derives  the  center-of-frame  coordinates  oiq,6q  and  the 
angle  Oq  between  the  -y  axis  and  the  +6  axis  (direction  north)  from  the  input  positions  by 
the  method  of  least  squares.  The  residuals  for  each  input  star  were  printed  out  and  used  to 
spot  an  occasional  misidentified  input  star.  The  root-mean-square  residuals  in  x and  y were 
used  to  estimate  position  errors,  typically  within  3 arc-min.  In  Table  1,  a is  the  larger  of  the 
rms  residuals  in  rasters. 

• The  STAR  IDENTIFICATION  program  was  us€k1  to  compare  the  coordinates  of  de- 
tected starlike  images  on  each  frame  with  SAO  star  coordinates  on  the  SAO  CATALOG 
APOLLO  tape  and  print  out  a separate  line  for  each  star  image  and  the  SAO  stars  within  10 
arc-min  of  that  image  position.  These  printouts,  in  the  format  of  the  final  S201  catalog, 
were  then  edited,  eliminating  scan  defects  and  correcting  background  (B)  values  inconsistent 
with  the  contour  plots.  The  editing  was  done  with  the  EXEC  VIII  Univac  1110  computer; 

a query  (?)  was  added  to  doubtful  SAO  numbers,  background  values,  and  density-volume 
values,  and  II  or  L was  added  to  density-volume  values  considered  too  high  or  too  low  (i.e.  a 
factor  of  2 above  or  below  the  mean)  for  the  SAO  spectral  type  and  visual  magnitude.  The 
symbol  NO  (for  non -SAO  object)  was  inserted  in  the  SAO-number  column  when  two  or 
more  S201  frames  recorded  an  image  with  no  SAO  star  within  10  arc-min.  They  are  listed  in 
Table  2. 

The  measured  density  volumes  (V)  require  three  corrections:  at  low  V a quantity  T 
must  be  added  to  correct  for  truncation  of  the  images  at  20  units  (0.2D)  above  background 
B,  a correction  AA  must  be  added  for  the  PDS  lag  during  the  rise  from  B to  the  peak  density 
P,  and  for  V > 500  a quantity  AD  must  be  added  to  correct  for  the  nonlinear  response  of 
the  S201-camera-and-NTB-3-emuIsion  combination. 

Figure  14  illustrates  schematically  the  truncation  correction  T for  images  of  different 
sizes.  Many  cross  sections  were  drawn  from  mosaics  of  the  smoothed  scan  data.  The  images 
were  found  to  be  nearly  circular,  roughly  approximated  by  a right  circular  cone  of  volume 
(Af/3)(P  - B).  At  V < 400  the  full  image  radius  was  3.5  rasters,  and  the  measured  V was  20A’ 
plus  a rounded  cap  somewhat  larger  than  a cone  of  volume  {N/3)(P  - B - 20),  as  shown  in 
Fig.  14a.  This  excess  of  cap  over  a cone  is  called  AV  = V - 20N  - (iV/3)(P  - B - 20),  and  it 
was  found  that,  on  the  average,  AV  = 0.13N(P  - B - 20)  for  80  < V < 800,  and  AF  = 100 
for  800  < F < 3000.  Then  for  the  faint  images  the  truncation  correction  is 

P = ^ (3.5)2(P  - B)  - (A^/3)(P  - B - 20)  - 20N,  for  F < 400, 

O 

and  is  relatively  large  (up  to  a factor  of  3.6  at  F = 80).  (Images  with  A < 4,  or  F < 80,  are 
not  listed  in  the  catalog,  because  most  of  them  are  noise.) 

Measured  values  of  V',  N,  and  P - B for  138  images  on  frames  A26,  A27,  and  A28  (ICa, 
low  background)  also  show  how  images  “grow”  from  F = 80  to  F over  100,000  (in  units  of 
0.01  D times  raster  squm*d,  where  1 raster  = 33  pm).  There  is  some  scatter,  but  most  of  the 
values  fall  within  20%  of  the  mean  curves  of  N vs  V and  (P  - B)  vs  F (values  from  these 
curves  being  listed  in  the  first  three  columns  of  Table  3). 
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Table  1 — Apollo  F’rames  Scanned  and  Measured 

In  this  table,  Oq  and  6q  are  coordinates  of  the  scan  center,  at  x = 512,  y = 512  rasters,  Uq  is 
the  position  angle  of  the  -y  scan  axis  projected  on  the  sky;  “Stand.  Stars”  is  the  number  of 
a,  6 and  x,  y inputs  to  the  COORDINATE  TRANSF’ORM ATION  program;  o is  the  larger  of 
the  rms  x residuals  or  y residuals,  given  in  rasters,  “No.  of  Images”  is  the  number  of  starlike 
images  of  four  or  more  pixels  located  by  the  STAR  DETECTION  program,  “BO  Range”  is 
the  range  of  the  background  density  (li)  in  units  of  0.01  D;  “SAO  Stars”  is  the  number  of 
star  images  within  5 arc-min  of  stars  listed  in  the  Smithsonian  Astrophysical  Observatory 
catalog  (1966);  and  “Non-SAO  Objects”  (NOs)  is  the  number  of  starlike  images  detected  on 
two  or  more  frames  which  are  more  than  10  arc-min  from  any  star  in  the  SAO  catalog).  Ex- 
cept for  the  three  entries  footnoted,  the  local  background  B was  the  average  of  five  sur- 
rounding pixels  (as  explained  in  Appendix  A). 


Frame 

Exp 

Filter 

tto 

(deg) 

^0 

(deg) 

Oo 

(deg) 

Stand. 

Stars 

— 

0 

No.  of 
Images 

BG 

Range 

SAO 

Stars 

Non-SAO 

Objects 

Cygnus  (loop  nebula) 

A21 

1/4 

Li 

320.97 

+37.57 

+05.97 

19 

1.7 

51 

22-  30 

32 

0 

22 

1 

Li 

321.15 

+37.47 

+06.09 

23 

1.9 

124 

60-  70 

103 

1 

23 

3 

Li 

321.03 

+37.51 

+06.22 

22 

1.9 

257 

104-143 

182 

7 

26 

3 

Ca 

319.66 

+37.58 

+04.94 

23 

2.4 

216 

14-  20 

166 

3 

27 

10 

Ca 

321.12 

+37.42 

+05.68 

23 

2.0 

456 

18-  30 

336 

8 

28 

3.7 

Ca 

321.20 

+37.55 

+05.86 

23 

2.0 

284 

15-  28 

212 

7 

Capricorn  (earth  centered) 

A40 

1 

Li 

318.73 

-14.43 

-31.33 

6 

1.9 

27 

75-292 

17 

0 

41 

3 

Li 

318.71 

-14.36 

-31.40 

8 

1 .9 

30 

158-348 

19 

0 

44 

3 

Ca 

318.49 

-14.47 

-31.46 

12 

1.8 

36 

17-  25 

29 

1 

45 

10 

Ca 

318.34 

-14.70 

-31.69 

12 

2.2 

40 

17-  28 

31 

^ i 

46 

30 

Ca 

318.59 

-14.63 

-31.80 

12 

2.1 

. 

43 

12-  30 

32 

Cetus(for  NGC1068) 

A58 

1 

Li 

41.76 

-15.26 

+85.41 

3 

0.4 

6 

1 

33-  40 

3 

1 

59 

3 

Li 

41.79 

-15.24 

+85.10 

5 

3.2 

15 

68-  83 

9 

2 

62 

3 

Ca 

40.57 

-14.09 

+85.19 

5 

2.3 

17 

12-  17 

7 

1 

63 

10 

Ca 

40.54 

-14.09 

+85.21 

6 

2.5 

24 

15-  20 

11 

64 

8.4 

Ca 

41.69 

-14.03 

+85.47 

5 

1.9 

21 

17-  24 

13 

Grus  (for  NGC55) 

A68 

1 

Li 

353.12 

-42.61 

+ 153.87 

6 

2.7 

10 

48-  63 

7 

0 

69 

3 

Li 

353.20 

-42.64 

+ 153.97 

8 

1.4 

15 

102-128 

9 

1 

72 

3 

Ca 

354.53 

-42.09 

+ 152.71 

8 

1.8 

18 

13-  19 

9 

1 

73 

10 

Ca 

353.81 

-42.43 

+ 153.38 

8 

1.5 

20 

15-  23 

11 

1 

88 

1 

Li 

358.11 

-40.73 

+ 153.59 

3 

3.3 

8 

43-  59 

3 

1 

92 

3 

Ca 

358.40 

-40.58 

+ 153.47 

6 

2.4 

22 

10-  22 

9 

1 

93 

10 

Ca 

358.70 

-40.38 

+ 153.36 

6 

2.3 

20 

16-  26 

10 

2 

94 

30 

Ca 

358.48 

-40.50 

+ 153.91 

6 

2.0 

29 

1 

17-  27 

10 

2 

Table  continues. 


48 


page,  carrgthers  and  hjll 


a>  — X CO  CO  CO  in  in  r-  X X X X Oi  « 30  ^ M CO  -r  to  r-  C5  -f  in  I'-  o 

,c^xX'0'*r-r^*i'inininininintnooOt—  — — — MC4coco-r 

’t0c0tD«0t0^<0«nc0XtD«nxxxt''r^c^t^r'-c-r-i'-r-r-t''t'-t'-r»r-i'-r-r't^ 


Tabl<*  continues. 


Table  2 — Positions  of  Non-SAO  Objects  (NOs)  and  Possible  Identifications  (Continued) 
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Table  2 — Positions  of  Non-SA(3  Objects  (NOs)  and  Possible  Identifications  (Continued) 
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Table  continues. 


Table  3 — Corrections  to  S201  Density  Volumes* 
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The  image  cross  sections  show  that  for  V > 1000  there  is  usually  a wing  or  skirt  ex- 
tending severed  rasters  beyond  the  measured  image  edge,  as  shown  in  Fig.  14b.  This  was 
fitted  fairly  well  by  extending  a cone  of  height  H beyond  the  measured  image  edge.  Then 
the  truncation  correction  is  the  volume  of  the  //-cone  rim,  or 

r={Ar/3)//^/(//-20)2  - {N /3)(H  - 20)  - 20N , for  V>400. 

Values  of  //  obtained  from  cross  sections  were  plotted  against  V,  and  values  of  the  resulting 
smoothed  relation  are  listed  in  Table  3.  At  low  V,  //  is  nesu'ly  equed  to  P - B.  In  the  range 
= 1000  to  15,000,  H remains  near  60,  and  P - B climbs  to  350.  In  the  large,  overexposed 
images  //  reapproaches  P -B. 

Although  uncertainties  in  //  and  T are  fairly  large,  the  ratio  T/V  drops  off  rapidly,  as 
shown  in  Table  3,  and  the  uncertainty  in  log  [( V + T)/V]  for  V > 400  is  estimated  to  be 
less  than  0.05  (less  than  0.02  for  V > 20,000). 

The  PDS  lag  correction  A A and  the  linearizing  correction  AD  are  listed  in  Table  4a  as 
functions  ot  P - B and  P respectively.  The  PDS  lag  correction  AA  was  obtained  from  a speed 
test  on  four  star  images  of  different  peak  densities.  The  linearizing  correction  AD  was  ob- 
tained by  measuring  uniform  geocorona  densities  on  three  frames,  A40,  A41,  and  A42  (1-, 
3-,  and  10-min  ILi  exposures),  and  up  to  measured  density  D_\^  = 350  units  (3.5D)  is  closely 
represented  by  the  following  expression  for  linearized  density ; 

D^  = D„  + exp[0.674(D;v^  - 130)°  39  ] . 

These  two  corrections  have  been  applied  to  the  image  peak  densities  P as  shown  in 
Tables  4b  and  4c,  giving  fully  corrected  density  volumes  V^.  The  “normal”  background 
B 50,  and  the  correction  for  nonlinear  response  is  small  for  faint  and  medium  star  images. 
However  on  three  frames  (A41,  A145,  and  A199)  there  is  a high  background;  B ^ 250.  This 
requires  a correction  to  measured  V even  for  faint  images,  as  shown  in  Tables  4c  and  3. 

Since  the  high  background  is  subtracted  from  the  (higher)  star -image  densities,  the  correc- 
tion is  the  difference  between  AD  for  density  P and  AD  for  density  250,  as  given  in  Table 
4c.  This  high -background  correction  cannot  be  given  for  V > 5000,  where  P ~B>  250,  and 
for  P > 500,  the  upper  limit  to  densities  recorded  by  the  PDS  microdensitometer. 

Table  3 lists  (fully  corrected)  for  values  of  measured  density  volume  V,  and 
log  Vf/V  is  plotted  in  Figs.  15a,  15b,  and  15c.  The  correction  for  images  on  high  back- 
ground is  considerably  larger. 

Figures  16  through  22  are  plots  of  V magnitude  vs  log  VjE  (E  is  the  exposure  in 
minutes)  on  ILi  and  ICa  frames.  They  show  a scatter  of  about  1 magnitude  about  the  ex- 
pected relation  V mag  -t-  2.5  log  VjE  = K.  The  average  intercept  K and  the  rms  deviation  o 
are  labeled  on  each  plot,  and  large  deviants  are  listed  in  Table  5.  These  derivations  are  prob- 
ably due  to: 

• Differences  in  interstellar  extinction, 

• Errors  in  background  (D)  estimates, 

• Corrections  to  V for  truncation,  PDS  lag,  and  nonlinear  response  given  in  Table  3 
but  not  applied  to  the  figures, 

• Errors  in  SAO  visual  magnitudes  and/or  spectral  types,  and 

• Actual  differences  in  the  far-ultraviolet  flux  from  stcus  of  a given  spectral  type. 
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Table  4a  — Corrections  to  Peak  Densities  P for 
PDS  Lag  A A and  Linearization  AD* 


P -B 

AA 

P 

AD 

50 

0 

50 

0 

100 

0 

100 

0 

150 

0 

150 

+10 

200 

-1-10 

200 

30 

250 

20 

250 

80 

300 

40 

300 

150 

350 

70 

350 

270 

400 

100 

400 

400 

450 

140 

450 

600 

500 

180 

500 

870 

*P  = Peak  density  of  a star  image; 

B = local  background  density; 

AA  = correction  for  lag  in  the  PDS  microdensito- 
meter; 

AD  = correction  for  non  linear  response  of  the  S201 
camera ; 

All  densities  are  in  units  of  0.01  D 


Table  4b  — Applied  Corrections  AA  and  AD  for  Normal  Background,  B ^ 50* 


V+T 

P-B 

AA 

P = P -B  + b0 

AD 

Vc 

VciV 

log  V’c/V 

1000 

1365 

70 

0 

120 

0 

1365 

1.365 

0.136 

1300 

1710 

84 

0 

134 

0 

1710 

1.315 

0.120 

1540 

1975 

100 

0 

150 

10 

1985 

1.287 

0.110 

2100 

2540 

150 

0 

200 

30 

2570 

1.224 

0.088 

3300 

3910 

200 

10 

250 

80 

4000 

1.210 

0.084 

4800 

5575 

250 

20 

300 

150 

5745 

1.197 

0.079 

7000 

7865 

300 

40 

270 

8175 

1.167 

0.068 

10500 

11525 

350 

70 

H 0 

400 

11995 

1.143 

0.058 

23500 

24680 

400 

100 

450 

600 

25380 

1.080 

0.034 

94000 

94100 

450 

140 

500 

870 

95110 

1.012 

0.006 

* = Density  volume  of  a star  image ; 

T = correction  for  truncation  in  the  STAR  DETECTION  program. 
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Table  4c  — Applied  Corrections  AA  and  AD  for  Hif^  Background,  H ^ 250 


V 

+ T 

P-B 

.. 

AA 

P = P~B  + 250 

AD  - AD(250) 

V,IV 

log  V^-jV 

50 

268 

21 

0 

271 

24 

292 

5.84 

0.767 

80 

290 

22 

0 

272 

25 

315 

3.94 

0.596 

100 

333 

25 

0 

21b 

30 

363 

3.630 

0.560 

150 

394 

30 

0 

280 

40 

434 

2.89 

0.462 

200 

450 

34 

0 

284 

45 

495 

2.47 

0.394 

300 

545 

40 

0 

290 

50 

595 

1.98 

0.298 

400 

642 

46 

0 

296 

60 

702 

1.753 

0.244 

500 

745 

50 

0 

300 

70 

815 

1.630 

0.21 

1540 

1975 

100 

0 

350 

190 

2165 

1.405 

0.149 

2100 

2540 

150 

0 

400 

320 

2860 

1.363 

0.135 

3300 

3910 

200 

10 

450 

520 

4430 

1.343 

0.129 

4800 

5575 

250 

20 

500 

790 

6365 

1.325 

0.124 

The  many  negative  deviations,  indicated  by  L in  Table  5,  are  probably  due  to  large  in- 
terstellar extinction,  and  the  positive  deviations  (H)  may  be  due  to  stars’  far-ultraviolet 
excess  — both  worthy  of  further  study.  The  visual  magnitudes  and  spectral  types  given  in 
the  SAO  catalog  are  based  on  the  Henry  Draper  Catalog;  these  often  differ  markedly  from 
more  modern  determinations  in  specific  regions  of  the  sky,  such  as  Orion  112) . 

The  corrections  to  log  V/E  given  as  log  Vf/V’  in  Table  3 and  in  Figs.  15  will  move 
points  at  the  upper  left  on  Figs.  16  through  22  toward  the  right  by  the  amount  log  Vf/V' 
0.25.  This,  however,  will  not  account  for  the  large  deviants. 


CO.VIPARISON  WITH  STELLAR  .MODELS 

To  compare  the  measured  far -ultraviolet  fluxes  with  expectations  (with  more  accuracy 
used  than  used  in  the  STAR  PLOT  program)  the  S201  camera  response  in  the  direct-imaging 
mode  (Fig.  3)  was  folded  with  model  atmosphere  calculations  by  Kurucz,  Petremann,  and 
Avrett  [13]  and  the  “average’’  far-ultraviolet  extinction  curve  of  Bless  and  Savage  [14] . 

For  a monochromatic  diffuse  source  the  optical  density  of  the  image  on  the  processed 
emulsion  is  given  hy  D = I s t,  where  I is  the  monochromatic  source  density  in  kilorayleighs 
(1  kR  = 10®/47r  photons/cm^  s sU'rad),.s'  is  the  diffuse-source  sensitivity  in  density  units, /eR 
seconds,  and  t is  the  exposure  time  in  seconds.  {E  or  EXP  is  used  in  this  catalog  for  exposure 
time  in  minutes.) 

The  sensitivity  .s  is  the  product  of  the  overall  detection  (quantum)  efficiency  rj,  the 
“blackening  factor’’  b (density  units/photoelectron  per  pm^,  at  the  emulsion),  and  a geo- 
metrical factor  G depending  on  the  focal  ratio  of  the  optical  system:  G = lO~^A/f-,  where 
.4  is  the  effective  aperture  in  cm^  and  f is  the  focal  length  in  cm.  Thus  for  a monochromatic 
diffuse  source 

10^ 

D = — / n bGt  = 4',  rj  bGt, 

47r  \ I ' 
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Fig.  15c  — Relation  of  Vq  to  V,  plotted  for  50  < V < 600 


where  is  the  diffuse  flux  expressed  in  photons/cm-  s sterad.  For  a nonmonochromatic 
source 

D = bGt  ^ dX  = b Gt  '^^eff^^^eff■^?^eff, 

where  Xgff  is  the  effective  vvaveiength  of  the  camera  for  a flat  continuum  (‘1‘xeff  ~ ” 

constant)  and  pff AXpff,  or  i77AX)pff,  is  the  area  under  the  curve  of  efficiency  vs  wavelength 
(half  of  which  falls  on  either  side  of  Xpff ).  The  result  is  relatively  insensitive  to  slight  changes 
in  the  shape  of  the  continuum  distribution. 

For  a point  source  the  number  of  photoelectrons  recorded  in  the  image  is 
n = At  |''l'xi7;^  dX  = At  <IVpff(?7‘^X)pff, 

where  <l\  is  the  photon  flux  (photons/cm''^  s A).  The  density  distribution  in  the  recorded 
image  of  course  depends  on  the  r(‘solution  and  details  of  the  image  structure.  However,  if 
linearity  of  response  is  assumed,  the  total  density  volume  is  independent  of  these  details  and 
is 


V = 


D dA 


DA 


nb. 
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Table  5 — Deviant  Density  Volumes  in  the  S201  Far-Ultraviolet  Catalog  (Concluded) 
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WAVELENGTH  (S) 


KPA  model  [13]  predictions  of  photon  flux  vs 
wavelength,  normalized  to  5500  A 


For  the  S201  camera  at  wavelength  1216  A,  preflight  calibrations,  confirmed  by  imagery  of 
the  hydrogen  geocorona  and  the  interplanetary  Lyman-a  background  [2] , yield  a value  b = 
0.4D/photoelectron  pm^.  Hence  the  theoretical  density  volume  V = OAn,  with  area 
expressed  in  /tm^  and  density  as  normally  defined.  However,  with  area  expressed  in  number 
of  pixels  (33  pm  square)  and  density  in  PDS  units  (100  X optical  density). 


Thus  a star  image  resulting  from  1000  photoelectrons  will  yield  a density  volume  V = 31 


Figure  23  shows  plots  of  Kl’A  model  predictions  of  photon  flux  vs  wavelength,  nor- 
malized to  the  visual  (5500  \).  where  a star  of  visual  magnitude  7.6  yields  a flux  of  1 
photon/cm^  s A 1 1,5| , and  Fig  1 shows  the  effetds  of  varying  degrees  of  interstellar 
reddening  on  the  20,000  K mod  fluxes  Folding  of  these  curves  with  the  response  func- 
tions in  ILi  and  ICa  modes  ( Fig.  I.  yields  the  curves  of  density  volume/exposure  for  a star 
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WAVELENGTH  (&) 

Fig.  24  — Effects  of  various  degrees  of  interstellar  reddening  (“average” 
interstellar  extinction  law  of  Bless  and  Savage  [14])  on  the  20,000  /C- 
model  photon  fluxes,  normalized  to  5.500  A 

of  visual  magnitude  7.6  shown  in  Fig.  25,  and  the  ratio  ILi/ICa  shown  in  Figs.  26  and  27. 
Figure  28  shows  the  computed  stellar  visual  magnitude  required  to  produce  a density 
volume  V = 5131  for  the  various  ILi  and  ICa  exposures  in  relation  to  the  unreddened  model 
effective  temperature  Tp.  This  “standard”  density  volume  corresponds  to  a conical  image 
with  peak  density  P = 100  and  a 7-raster  diameter  (N  = 38  pixels)  and  is  by  no  means  the 
weakest  measurable  image.  Density  volumes  of  80  with  P < 75  and  N = 4 are  measured 
reliably,  althou^  the  corrected  density  volume  equals  290  (Table  3).  That  is,  images 
17.7  times  fainter  than  this  “standard”  have  been  detected,  measured,  and  record(.>d  in  the 
catalog.  However,  Fig.  29  shows  the  actual  fractions  of  SAO  stars  detected  in  two  fields 
(Cygnus  and  Norma)  plotted  against  visual  magnitude  for  various  spectral  types.  They  are 
seen  to  be  about  3 magnitudes  brighter  than  expected.  For  0-B2  stars  (TV  20,000  K)  half 
are  detected  at  visual  magnitude  9.5;  for  AO  stars  {Tp  10,000),  50%  are  detected  at  7.8 
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Fig.  25  — Ratio  of  density  volume  to  exposure  for  a star  of  visual 
magnitude  7.6  as  a function  of  effective  temperature 

mag.  For  A2-A5  stars  the  detection  fraction  is  erratic.  The  other  50%-detection  magnitudes 
are  given  in  Table  6. 

Figures  30  through  32  give  the  theoretical  relationship  between  density  volume  and 
visual  magnitude  for  various  effective  temperatures  and  interstellar  reddenings.  These  plots 
may  be  directly  compared  with  the  plots  of  visual  magnitude  vs  log  V/E  in  Figs.  16  through 
22.  Unfortunately,  as  apparent  from  these  figures,  it  is  not  practical  to  separate  the  effects 
of  temperature  and  of  interstellar  extinction  using  the  far-ultraviolet  imagery  data  alone; 
the  effect  of  extinction  is  nearly  equivEilent  to  a decrease  in  effective  temperature  in  the 
wavelength  range  covered  by  the  ILi  and  ICa  exposures.  Only  if  the  near-visual  reddening 
and/or  effective  temperature  is  known  from  ground-based  measurements  can  the  far-ultra- 
violet  fluxes  be  used  to  provide  independent  estimates  of  temperature  and  far-ultraviolet 
extinction.  Comparison  of  our  far-ultraviolet  data  and  ground-based  data  is  difficult  because 
of  the  incompleteness  and/or  doubtful  accuracy  of  the  available  ground-based  data  (spectral 
classification  and  UBV  photometry)  for  stars  in  the  visual  magnitude  range  fainter  than  7.0. 
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Fig.  28  — Computed  stellar  visual  magnitude  required  to  produce  a density  volume  V - 5131  for 

various  S201  exposures 


THE  CATALOG 

The  catalog  is  divided  into  11  parts,  each  covering  one  field  in  the  sky.  Each  part  is 
headed  by  a constellation  name  and  the  field  center  coordinates  Oq  5q.  Two  parts 
cover  the  Sagittarius  field:  one  headed  SGR  NORMAL  and  the  other  headed  SGR  OVER- 
EXP  (high  background  densities).  The  first  column  gives  the  object  number.  The  next  two 
columns  give  the  scan  coordinates  x and  y for  each  image  detected,  and  the  next  two  give 
the  celestial  coordinates  R.A.  (a  1950)  in  hr:min:s  and  DEC  (6  1950)  in  deg:arc-min:arc-s. 
The  errors  in  position  are  less  than  about  3 arc -min. 

Column  6 gives  the  star  number  in  the  SAO  catalog  (Smithsonian  Astrophysical  Obser- 
vatory, 1966)  within  5 arc-min  of  the  detected  image.  If  this  SAO  number  is  followed  by  a 
slash  (/),  the  star  is  one  of  a pair  or  group  too  close  to  be  resolved  by  the  S201  camera;  if  by 
a query  (?),  the  image  is  between  5 and  8 arc-min  from  the  SAO  star  listed  (considered  a 
doubtful  identification);  and  if  by  a colon  ( :),  the  star  is  one  of  two  within  5 arc-min  but  is 
considered  the  less  likely  identification. 

Columns  7 and  8 give  the  differences  (measured  image  position  minus  SAO  catalog 
position)  in  right  ascension  (a)  and  declination  (6).  Columns  9,  10, 11  give  spectral  type  and 
visual  and  photographic  magnitudes  from  the  SAO  catalog. 
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Fig.  29  — Percent  of  SAO  stars  detected  in  Cygnus  and  Norma  as  a function  of  visual  magnitude 


Table  6 — Visual  Magnitudes  for  50%  Detection  on  3-min  ILi  or  4-10-min  ICa 
in  Cygnus  and  Norma  Fields 


Spectral 

Type 

Approx. 

Te  (K) 

No.  of 

SAO  Stars 

Vis.  Mag.  for 
Actual  50% 
Detection 

Expected  Unreddened 
Visual  Magnitude  for 
y = 80  on  10-min  ICa 

0-B2 

20000 

21 

9.5 

9.7  + 3.1  = 12.8 

B3-B5 

16000 

60 

9.0 

9.2  + 3.1  = 12.3 

B8 

14000 

179 

9.0 

8.8  + 3.1  = 11.9 

B9 

12000 

286 

8.7 

8.0  + 3.1  = 11.1 

AO 

10000 

661 

7.8 

6.6 + 3.1=  9.7 
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Kig.  30  — Theoretical  ILi  relationships  between  lot;  VIE  and  visual  magnitude  for  various 

effective  temperatures 


Columns  12  to  17  concern  the  far-ultraviolet  photometry  based  on  a PDS-micro- 
densitometer  scan  of  each  frame.  Column  12  gives  the  peak  density  in  units  of  O.OID.  The 
coordinates  of  this  peak  (x,  y)  are  those  given  in  columns  2 and  3.  The  S201  electrographic 
camera  was  fairly  linear  up  to  peak  densities  of  300  (3.0D)  but  was  increasingly  saturated  at 
higher  densities  up  to  510  (5. ID),  the  largest  measured  by  the  Boiler  and  Chivens  PDS 
microdensitometer.  Column  13  gives  the  number  of  pixels  more  than  20  (0.2D)  higher  than 
the  local  background  (BG)  listed  in  column  14.  The  background  (BG)  was  determined  by 
an  average  of  five  pixels  outside  the  star  image  (except  for  three  frames  noted  in  Table  1, 
where  a 10-  or  20-pixel  average  was  used).  A query  (?)  following  the  BG  entry  means  that 
the  computer  value  has  been  modified  by  inspection  of  the  scan,  where  nearby  images  con- 
fused the  computer  average.  A query  follows  the  number  of  pixels  when  a large  BG  change 
was  made  or  when  there  were  other  reasons  to  doubt  the  computer  count  of  points  in  the 
image. 

Column  1 5 lists  the  density  volume  of  the  image— the  sum  of  density  minus  BG  for  all 
pixels  inside  the  image  “boundary,”  which  are  pixels  such  that  the  density  was  20  (0.2D) 
above  BG.  Images  less  than  four  pixels  in  extent  have  been  omitted.  Column  16  lists  the 
exposure  in  minutes  and  the  filter  type  (L  for  LiF  and  C for  CaF2).  Column  17  gives  the 
ratio  of  the  density  volume  to  the  exposure  for  easy  comparison  between  frames  of  differ- 
ent exposure  times.  This  ratio  is  the  best  estimate  of  the  object’s  far-ultraviolet  flux, 
although  it  has  not  been  corrected  for  truncation,  etc.  These  are  upward  corrections.  The 
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Fig.  31  — Theoretical  ICa  relationships  for  various  effective  temperatures 


frame  number  from  which  these  measurements  were  made  is  not  listed  but  can  be  inferred 
from  column  16  (EXP.  & FILTER)  and  Table  1.  For  instance,  in  the  Cygnus  field,  a 3.7-min 
exposure  through  CaF2  is  frame  A28. 

Symbols  after  the  density -volume  entries  in  column  15  have  the  following  meanings:  a 
query  (?)  means  that  the  image  was  detected  on  one  frame  only  (not  confirmed  by  other 
frames  covering  the  same  field);  an  L means  that  the  density  volume  is  lower  than  expected 
from  the  spectral  type  and  visual  magnitude  (columns  9 and  10),  and  H means  that  it  is 
higher  than  expected.  The  H extries  are  therefore  stars  or  associated  nebulas  with  apparent 
far-ultraviolet  excess;  the  NO  entries  are  either  nonstellar  objects  or  stEurs  too  faint  to  have 
been  included  in  the  SAO  catalog.  These  are  all  objects  of  special  interest. 

Table  2 is  a list  of  the  non-SAO  (NO)  objects  in  the  S201  catalog,  with  some  possible 
identifications  in  the  RNGC  [16] . The  first  two  columns  give  the  measured  right  ascension 
and  declination  converted  to  1975  coordinates.  The  third  column  gives  the  frames  on  which 
each  image  was  detected,  and  column  4 gives  the  measured  ratio  of  density  values  £md  ex- 
posure, with  separate  values  being  listed  for  LiF-filter  frames  and  CaF2 -filter  frames.  A 
blank  in  column  4 means  no  detection  of  an  expected  object  (such  as  NGC1068  in  the  Cetus 
field).  Column  5 gives  the  RNGC  number  of  the  possible  identification  (with  queries  fol- 
lowing doubtful  ones),  and  columns  6 and  7 give  the  RNGC  1975  coordinates.  In  extended 
nebulas,  clusters,  and  galaxies,  the  S201  measured  position  (columns  1 and  2)  might  be 
affected  by  uneven  far -ultraviolet  flux  distribution.  Columns  8 and  9 give  the  magnitude  and 
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Fitj.  32  — Theoretical  ICa  relationships  for  various  instellar  reddenings 

type  of  the  RNGC  objects.  In  general,  Table  2 omits  objects  in  the  Large  Magellanic  Cloud, 
which  is  the  subject  of  another  S201  study  [10] . 

The  S201  catalog  is  also  available  on  a single  reel  of  seven-track  magnetic  tape  created 
by  the  Univac  EXEC  VIII  system,  Fortran  formatted.  Details  are  given  in  Appendi.x  B. 
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Appendix  A 

STAR  DKTECTION  Program  for  EXEC  II 


The  basic  source  of  star  data  in  this  catalog  was  the  STAR  DETECTION  program.  It 
was  required  to  pick  out  star  images  from  the  many  anomalies  present  in  the  PDS-micro- 
densitometer  scan  data.  These  included  overlapping  frame  fields,  density  variations  due  to 
streaks  in  the  S201-camera  barrier  membrane  (Figs.  2 and  12d),  photocathode  sensitivity 
deviations,  dust  on  the  film,  and  some  emulsion  flaking. 

Each  frame  scan  was  a square  matrix  of  1024  by  1024  density  pixels,  which  extended 
beyond  the  circular  field  of  view  of  the  camera,  approximately  1000  pixels  (raisters)  in 
diameter.  The  STAR  DETECTION  program  processes  each  scan  line  by  first  looking  for  the 
edge  of  the  field  of  view,  where  there  is  usually  a density  step  of  30  units  or  more  (Figs.  4b, 
5b,  ...,  13b).  If  the  edge  of  field  was  not  discernible  (step  less  than  10  units),  the  program 
applies  a fail-safe  test:  all  pixels  within  475  rasters  of  the  center  of  the  scan  matrix  are  con- 
sidered to  be  within  the  field  of  view.  The  program  then  examines  each  pixel  in  the  field  of 
view  to  determine  whether  it  exceeds  a threshold  value  above  local  background. 

Thus  STAR  DETECTION  is  based  on  the  assumption  that  the  density  gradient  in  a 
star  image  exceeds  the  density  gradients  caused  by  normal  variations  in  the  background  and 
exceeds  other  anomalies  like  streaks  due  to  the  barrier  membrane.  The  threshold  value  is 
under  the  control  of  the  user  and  has  generally  been  set  to  20  units  (0.2D).  At  first  a 10- 
unit  value  was  used  for  ILi  frames,  but  this  complicated  the  truncation  correction,  so  the 
threshold  was  set  to  20  units  (0.2D)  for  all  star  detection  used  in  this  catalog. 

The  local  background  is  computed  by  the  formula 


(n  -DB,.,  +D, 


where  B,  is  the  background  density  computed  for  the  I'th  pixel,  is  the  background 
density  computed  for  the  previous,  (i  - l)th,  pixel,  n is  a number  specified  by  the  user 
(usually  n was  set  to  5,  that  is,  BG  in  Table  1 is  an  average  of  five  pixels),  and  D,  is  the 
density  of  the  (th  pixel.  If  there  is  a step  change  in  background  density,  this  formula  halves 
the  error  in  the  computed  background  B,-  every  n pixels.  To  keep  the  edge  of  a star  image 
from  affecting  the  background  calculation,  the  pixel  being  tested  for  exceeding  the  thresh- 
old is  always  five  pixels  ahead  of  the  pixel  used  in  the  background  calculation.  That  is, 

B,  is  applied  to  the  (i  5)th  pixel.  Provisions  were  made  for  handling  star  images  near  or  on 
the  edge  of  the  field  by  using  stored  densities  from  previous  scan  lines  to  calculate  B,. 

Once  a star  edge  has  been  detected,  a record  is  kept  of  the  sum  of  densities  along  the 
scan  line  which  are  greater  than  background  plus  threshold,  the  peak  density  value,  the 
coordinates  of  the  peak,  and  the  background  density  B.  The  records  of  star  images  along 
two  adjacent  scan  lines  are  maintained  continuously.  At  the  end  of  each  scan  line,  the  two 
lines  are  compared,  and  the  densities  are  combined  for  each  image  that  shows  on  both  lines. 
If  the  peak  density  has  increa.sed  from  the  previous  line  to  the  current  line,  the  results 
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are  brought  forward  to  the  current  line.  If  the  peak  density  has  decreased,  the  results  are 
placed  in  an  output  buffer  and  its  location  added  to  the  current  line  so  that  additional  data 
from  succeeding  lines  can  still  be  added.  After  the  last  scan  line  that  detects  the  image  edge, 
the  data  from  the  output  buffer  is  listed,  plotted,  and  placed  on  magnetic  tape  for  further 
processing  by  the  COORDINATE  TRANSFOR.MATION  program. 

One  problem  was  the  effect  of  “noise”  in  the  microdensitometer  scans— localized  high 
densities  (“hot  spots”)  within  a star  image.  These  hot  spots  would  cause  one  large  image  to 
be  recorded  as  several  smaller  images,  which  thwarted  attempts  to  separate  close,  “double- 
star” images.  These  adverse  effects  of  hot  spots  were  reduced  by  preprocessing  the  scan 
data  with  the  SMOOTH  program.  In  addition  the  STAR  DETECTION  program  was  modified 
to  automatically  combine  two  peaks  3 rasters  apart  and  to  establish  a “sphere  of  influence” 
of  an  image  by  measuring  the  diameter  of  the  image  (assumed  to  be  circular)  on  the  scan 
line  through  the  peak.  Other  peaks  within  half  this  diameter  from  the  first  peak  were  com- 
bined with  it  unless  the  minimum  density  between  them  differed  from  the  average  peak 
density  by  more  than  a value  specified  by  the  user  (usually  100  units).  This  modification 
may  have  helped  resolve  a few  pairs  of  close  images  in  the  catalog. 
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Appendix  B 
S201  Catalog  Tape 


The  S201  catalog  of  far-ultraviolet  objects  is  available  on  a seven-track  800-bit-per-inch 
odd-parity  tape.  The  tape  was  written  on  a Univac  1110  computer  under  the  EXEC  VIII 
operating  system  using  Fortran-formatted  write  statements.  Thus  the  file  structure  is  of  the 
Univac  SDF  sequential  formatted  record  type.  A more  detailed  description  of  this  format 
can  be  found  in  the  Sperry  Univac  1100  Series  Fortran  V Library  Programmer  Reference 
(UP-7876). 


There  are  11  data  files  on  the  tape,  and  each  data  file  is  terminated  by  a software  end- 
of-file  mark  and  a hardware  end-of-file  mark.  The  data  are  in  the  field-data  character  set 
(see  Univac  1100  Operating  System  UP-4144  Rev.  3,  Appendix  D)  of  132  characters  (22 
words)  per  data  line.  The  first  data  line  of  each  file  is  a header  line  containing  an  alpha- 
numeric description  of  the  target  field.  Each  succeeding  line  consists  of  132  characters,  the 
meanings  of  which  are  given  in  Table  B1 . 

A listing  of  a Fortran  program  to  extract  the  data  is  given  in  Table  B2. 


Table  B1  — Meanings  of  Characters  in  Each  Data  Line 


Characters 

Meaning  (digits  right-justified) 

1-  6 

Object  number 

7-  12 

X raster  coordinate 

13-  18 

y raster  coordinate 

19-  23 

Hours  of  right  ascension  (R.A.) 

24 

Separator  (:) 

25-  26 

Minutes  of  R.A. 

27 

Separator  (:) 

28-  29 

Seconds  of  R.A. 

30-  34 

Degrees  of  declination  (DEC.) 

35 

Separator  (:) 

36-  37 

Arc-minutes  of  DEC. 

38 

Separator  (:) 

39-  40 

Arc-seconds  of  DEC. 

41-  43 

Blank 

44-  49 

SAO  star  number,  or  NO,  or  blank 

50 

Query  (?)  or  colon  (;)  or  slash  (/)  or  blank 

51-  55 

Minutes  in  deviation  of  R.A.  from  SAO  star 

56 

Separator  (;) 

57-  58 

Seconds  in  deviation  of  R.A.  from  SAO  star 

59-  63 

Arc-minutes  in  deviation  of  DEC.  from  SAO  star 

64 

Separator  (:) 

65-  66 

Arc-seconds  in  deviation  ol  DEC.  from  SAO  star 

67-  69 

Blank 

70-  71 

Spectral  type  of  SAO  star 

72-  78 

Visual  magnitude  of  SAO  star 

79-  85 

Photographic  magnitude  of  SAO  star  (zeros  = unknown) 

86-  91 

Peak  density  of  the  image 

92-  99 

Total  number  of  points  in  the  image 

100 

Query  or  blank 

101-105 

Local  background  density 

106 

Query  or  blank 

107-114 

Density  volume  of  image 

115 

Query  or  blank 

116 

If  or  L or  blank 

117-121 

Exposure  time  rounded  off  to  tenths  of  minutes 

122 

Filter  type  (L  or  C) 

123-132 

Density  volume  divided  by  exposure  time* 

*For  an  image  near  the  edge  of  the  field,  the  letters  KD  replace  the  numer- 
als for  hundredths  and  thousandths  (characters  131  and  132). 
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Table  B2  — Fortran  Program  to  Extract  Data  From  S201  Catalog  Tape 


3 

4 

5 

6 
7 

a 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 
19 
2C 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 


READ  1 1 ,2000  ,EN0:5 > HEAD 
2000  FORMAT  (22A6I 
60  TO  IS 

5 WRITE  (6,1111  ) 

nil  FORMAT  (IHl, 'SECOND  END  OF  FILE  HAS  BEEN  REAO'I 


Read  I l ,2060 tEN0:20l  HEAD 

.,1000  » 


15  WRITE  (6, 


HEAD 


1000  FORMAT  (lHl,21Ab,ASI 
10  READ  ■ 


II , 20 05, EN 0 = 20, ERR  = 17  I LINEN. IX, ir.I RAH .IRAN, IRAS, lOECD, 
% lOECM, 10ECS,NSA0,Q1 ,JRAH, JRAN,J0EC0, JOECM,SPECT  ,VHA6,PHA6, 
t lPEAK0,NP0INT,02,ieG,0  3,I0V0L,04*0S,CXP,FtYPE  ,0VSEX 
format  l3l6,2(i5,lX,12tlX,I2l,3X,A6,Al,2(IS,lX,I2), 
t 3X,A2,2F7 .2, Ib,i8,Al,i5,Al,I8,2Al,F5.i,Al,F10.3l 


START  OF  USER  AREA 


GO  TO  18 

17  WRITE  (6,1010  I 

1010  FORMAT  IIHO.'ERROR  IN  READING  OATA'I 

18  WRITE  16,2005  1 L INEN , I X , IT , I RAH , I RAN , I RA S , IDECO ,10ECM , 
t IDE  CS.NSaO.QI, JRAH, jRAM.JOECO, JOECN, SPEC t , VNA 6 ,PN AG, 

S IPE  AKO,NPOINT,Q2.IBC,0  3,IDV0L,04,0S,EXP,FTYPE ,OVSEX 

END  OF  USER  AREA 


GO  TO  10 
20  CONTINUE 
SO  STOP 
END 
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19  361 

T55 

■•0* 

718 

* 57  59 

-69 

**  : 17 

NO  LNC 

888 

56 

186 

3181 

30  OC 

10*. 033 

695 

71  5 

* 57  60 

■69 

5*  57 

NO  LMC 

19 

1 3 

5* 

896 

10  . OC 

89-600 

155 

696 

7J0 

* 58  11 

-69 

5*  3* 

NO  INC 

1 86 

07 

185 

89*5 

30  . OC 

90  161 

T56 

07? 

7*8 

* 58.18 

66 

15.  33 

1 7* 

* 

1*3 

107? 

30  OC 

3. 561 

I5'» 

b:q 

789 

* 58  83 

-67 

38  7 

1 55 

80 

1 1 3 

596? 

30  OC 

19  661 

158 

0'8 

7*0 

* 58  85 

-66 

15  *3 

1 69 

8* 

1*3 

193? 

30.  OC 

6 *33 

159 

888 

789 

* 50  *6 

-67 

17:88 

1*8 

7 

1 1 3 

80*? 

30  OC 

6 BOO 

163 

*75 

679 

* 58. 55 

•7* 

39  60 

NO  LHC 

189 

89 

75 

1567 

30  OC 

58  833 

161 

’*6 

71* 

* 58  57 

•68 

53:  10 

810 

80 

186 

3*77? 

30.  OC 

115.900 

16^ 

707 

708 

* 59  3 

-69 

*1:17 

168 

10 

185 

893? 

30  OC 

9 767 

16S 

09* 

7*3 

* 59  6 

-65 

*9:8* 

190 

6 

167 

183? 

3.0L 

*1  000 

IB'* 

678 

708 

* 59.16 

- 10 

85  *6 

1*6 

6 

1 1* 

159? 

30  . OC 

5 300 

165 

889 

7 59 

* 59  19 

-65 

55  16 

NO  LHC 

888 

318 

J ** 

17698 

30 -OC 

589. 733 

166 

’99 

788 

* 59  80 

-67 

*6  *8 

1 37 

■4 

1 17 

73? 

30  . OC 

8 *33 

16T 

*78 

680 

* 59-81 

• 7* 

*0 : ** 

NO 

66 

6 

30 

187 

10  . OC 

18  700 

166 

089 

7*1 

*59:83 

-65 

5*:  36 

NO  LHC 

18* 

883 

55 

8087 

10  . OC 

688  700 

169 

70'» 

706 

* 59  85 

69 

*5:81 

168 

1* 

189 

3*6? 

30.  OC 

11  533 

i-^o 

65* 

698 

* 59  35 

-70 

50.  5 

1 ** 

*8 

109 

961  ? 

30  . OC 

38  033 

ni 

707 

718 

* 59: 17 

-68 

8:  0 

1*5 

5 

180 

16? 

30  . OC 

3 667 

n? 

090 

7 39 

* 59  *7 

•65 

5*  56 

NO  LHC 

190 

16 

167 

331 

3 OL 

110  333 

175 

608 

705 

5;  0:  7 

-70 

1*:  3 

NO  LHC 

801 

1* 

170 

3*7 

3.OL 

1 15-667 

17h 

608 

708 

5 0:18 

-70 

13:  0 

NO  LHC 

187 

*7 

58 

105* 

10.  OC 

185  *00 

175 

688 

699 

5;  0:19 

-70 

15-  6 

NO  LHC 

875 

173 

188 

7710 

30  . OC 

857  867 

176 

889 

788 

5:  088 

-67 

9 56 

139 

1 1 

1 17 

886? 

30  . OC 

7 533 

177 

788 

708 

5;  0:*8 

-69 

8*:  *6 

8*9166 

•0  * 

0:31 

AO 

8 95 

-00 

196 

*7 

131 

1*05 

30  . OC 

*6.833 

170 

700 

718 

5;  0:*5 

-68 

1 1 : 39 

169 

80 

185 

619? 

30  . OC 

80. 633 

179 

781 

705 

5:  0 *6 

-69 

85:80 

8*9166 

-0:  0 

■C:  8 

AO 

8 95 

00 

63 

7 

55 

169  L 

10  . OC 

16.900 

180 

781 

705 

5.  0:*6 

-69 

85:80 

8*9178? 

-1:9 

a 37 

A3 

9 38 

.00 

63 

7 

55 

169 

to.oc 

16. 900 

181 

678 

69* 

5;  0 58 

•70 

88.13 

1*6 

0 

187 

188? 

30  . OC 

*867 

I8^ 

77$ 

710 

5:1:3 

-68 

1655 

185 

** 

185 

1717? 

30  . OC 

57,833 

183 

776 

718 

5:1:7 

-68 

16:1* 

NO  LHC 

77 

10 

5* 

813 

10  . OC 

81  300 

l»* 

670 

895 

5:  1:85 

-70 

80:55 

•55 

P* 

U'. 

76*? 

30  . OC 

85  *67 

185 

691 

693 

5:  1:51 

-70 

* : *5 

ISO 

5 

1 1* 

1*7? 

30  . OC 

*.900 

186 

800 

78* 

5:  1:58 

-66 

9*5 

NO  LHC 

801 

195 

117 

6907 

30.  OC 

838.900 

107 

800 

786 

5:  1:56 

-66 

9:  5 

NO  LHC 

95 

80 

5* 

508 

10  OC 

50.800 

188 

66* 

691 

5:  8 8 

-70 

38:18 

83 

18 

*9 

*77? 

10.  OC 

*7.700 

189 

6*5 

686 

5:  8:  3 

-71 

3:  9 

137 

13 

98 

380? 

30.  OC 

18.667 

190 

651 

605 

5;  8:31 

-70 

55:50 

18* 

18 

91 

38*? 

30  . OC 

10.600 

191 

661 

608 

5:  8:*8 

-70 

*8  : 31 

NO  LHC 

1 10 

76 

*6 

8585 

lOOC 

858  500 

198 

058 

71* 

5:  8:*7 

•66 

** : 8 

1*8 

80 

n? 

*31? 

30  . OC 

1*367 

195 

767 

700 

5:  8:*8 

-66 

89:89 

169 

83 

186 

667? 

30.  OC 

88-833 

058 

71 1 

5:  8:*9 

-67 

1:39 

1*9 

19 

113 

5*1? 

30  . OC 

18.033 

195 

*00 

669 

5:  3;  6 

-7* 

83*8 

856158 

0 39 

0:57 

AO 

6 97 

.00 

813 

*7 

31 

386  3 M 

10  . OC 

386. 300 

196 

665 

60* 

5:  3:10 

-70 

*1  : 8 

NO  LHC 

869 

308 

1 1 1 

1*651 

30  . OC 

*88.367 

197 

*80 

669 

5;  3:13 

-7* 

83:  10 

856158 

0 *6 

1 89 

AO 

6. 97 

00 

188 

1* 

69 

*89 

1 .OL 

*89.000 

196 

*09 

670 

5:  3:15 

-7* 

83:86 

856158 

O:*0 

1:13 

AO 

6. 97 

.00 

857 

19 

167 

866 

3.OL 

888  667 

199 

*08 

665 

5;  3:16 

-7* 

8*;  3* 

856158 

0 *9 

0;  * 

AO 

6.97 

.00 

368 

77 

80 

7186 

30  . OC 

839  533 

?Q0 

668 

686 

5:  3:85 

•70 

*8:*3 

NO  LHC 

801 

88 

168 

715 

3.OL 

838  333 

8CT 

B'0 

71* 

5:  5 39 

66 

13  3* 

156 

; $ 

;8: 

3; 

* — 

c:8 

@65 

*1  1 

5 3.** 

66 

89*9 

850 

1 1 1 

180 

55851 

3:  :: 

■9-  . •5*’ 

^Zl 

965 

'1  3 

5 3 *7 

-66 

89:  8 

NO  LHC 

109 

87 

5: 

■ '?i 

•.:8 

8:* 

88* 

'07 

5 !.*9 

-67 

80.15 

NO  LHC 

199 

80 

:65 

5 36 

3 

■9  5£i 

?35 

b’B 

686 

5 3 5* 

-70 

88:  *6 

LHC 

880 

1 * 

1" 

-39? 

3 

-5  !J3 

?:6 

8c* 

7Q* 

5:  3 56 

-67 

19  57 

NO  LHC 

898 

89 

1 r 

5656 

3:  :: 

88  96" 

83' 

6’- 

685 

5-  5 57 

•*’0 

83:  8 

NO  LHC 

'.58 

160 

”.9' 

• • 

"•9 

?:e 

'P 

690 

5:  3 59 

-69 

8:  3 

NO  LH( 

857 

18* 

:8. 

'383 

3:  :c 

858  '£" 

?:9 

JV* 

'06 

5 3 60 

■61 

19:  16 

NO  LHC 

1 30 

58 

*9 

85": 

'. : 

i*-  — 

f ' r. 

■5’ 

698 

5.  * * 

-69 

7:81 

NO  LHC 

115 

91 

55 

3-59 

■ ^ 

?: : 

6” 

688 

5:  * 6 

•70 

83:5* 

NO  LHC 

3*0 

119 

106 

•-6689 

3:  :c 

1- 1 

2:? 

*98 

eg" 

5:  * 19 

-67 

58*8 

NO  LHC 

808 

36 

1 3* 

X~  T 

-9  8:: 

3 3 

'90 

699 

5 * 83 

-67 

58:  6 

NO  LHC 

91 

I * 

55 

396 

'.  c . :c 

39  5:: 

<?  • 

*60 

698 

5-  *.8* 

-68 

89:16 

166 

(8 

188 

536» 

iZ  zc 

' 96" 

?--5 

663 

$7* 

5 *:50 

•70 

*5:50 

LHC 

850 

BO 

105 

*’•58? 

3:  :c 

838 

8 6 

9C5 

710 

5;  5:  * 

65 

**  : *8 

138 

5 

1 1 1 

r r.-y 

3:  :: 

3 33! 

8;'’ 

'05 

69* 

5 5:  10 

-68 

7:*0 

8*9105 

-0-  * 

1 :88 

89 

7.03 

00 

191 

88 

57 

-5391*- 

:z  .zz 

-53  9:: 

8:b 

'06 

69* 

5;  5 16 

-68 

7 38 

8*9195 

0.  1 

1 37 

89 

7 83 

.00 

818 

88 

17* 

193 

3.:^ 

86-  333 

8:9 

651 

6'6 

5;  5:85 

•70 

56  *0 

LHC 

88 

1 1 

*8 

350? 

T : - :c 

35  ::: 

883 

686 

6'9 

5 5 87 

-70 

18.33 

9* 

I6 

60*? 

• “ “.r 

fi* 

881 

663 

676 

5-  5. 35 

-70 

**  59 

LHC 

106 

I 3 

10 

383? 

; . 2i. 

vs  ::: 

888 

6 55 

671 

5 5 36 

-11 

17  56 

183 

8* 

0* 

691? 

3:  :c 

83  833 

88! 

668 

677 

5;  5 *1 

•10 

**:  1 

NO  LHC 

8*0 

0l 

re 

8155 

5 

9 8 333 

88* 

661 

676 

5 5 *3 

•10 

**  19 

NO  LHC 

809 

re 

50 

10598 

; : . :c 

t:59  8:: 

885 

665 

67* 

5 : 5 56 

-70 

*l  88 

LHC 

107 

15 

77 

3831 

: . CL 

363  ::: 

886 

650 

669 

5 6 18 

-71 

1*  88 

1 1 

7 

:7h? 

30.  sc 

5 Bc: 

887 

571 

668 

5 6 16 

-78 

39  86 

119 

6 

77 

19-1 

30  . DC 

6 56' 

888 

•^9 

710 

5:  6:19 

6* 

*9  *0 

355 

89 

lot 

3608? 

30  OC 

:8:.86" 

889 

»*a 

718 

5 6 80 

•6* 

50  19 

NO  LHC 

196 

I7 

*3 

1811 

10- OC 

;8"  ::: 

8 50 

669 

67  3 

5 6 81 

-70 

3*  1 

NO  LHC 

106 

H 

81 

95 

1 OL 

95  soc 

851 

566 

661 

5 6 8? 

-78 

*7  5 

1 SO 

7 

70 

830? 

30  OC 

" 66" 

8V 

6'3 

670 

5 6 38 

-70 

3*  1 3 

NO  LHC 

*18 

*70 

99 

51108 

30  OC 

r?!  -cc 

855 

67 1 

67  3 

5 6 *J 

•10 

33:1  t 

NO  LHC 

851 

79 

r* 

3680 

3 OL 

1809  333 

8 5* 

670 

678 

5 6** 

•10 

33  SO 

NO  LHC 

830 

l*l 

*7 

10019 

10.  K 

icei  90C 

8 55 

'69 

60* 

5 6 *5 

68 

89  59 

1 30 

87 

15 

9*91 

to  OC 

900 

856 

5 55 

657 

5 6 *7 

-13 

86  38 

95 

<• 

■•0 

931 

30  OC 

3 too 

857 

555 

660 

5 7 38 

-IS 

* 15 

856160 

0 83 

1 55 

AO 

6 85 

00 

817 

1 3 

166 

*51 

3.x 

■V  333 

858 

855 

68* 

5:  7:  p 

•19 

*9  t 3 

18* 

19 

75 

63*? 

30.x 

81  133 

8 59 

551 

650 

5 7 ** 

•IS 

5 88 

856160 

0 35 

0 *8 

AO 

6 85 

00 

100 

5 

7? 

18 

1 X 

lie  000 

8*0 

558 

656 

5 7 *5 

-7J 

* ** 

856160 

0 36 

1 86 

AO 

6 85 

oo 

163 

38 

31 

10**  L 

10  OC 

19*  *00 

8>*l 

5V 

655 

5 7 $* 

13 

5 36 

856160 

0 *5 

0 3* 

AO 

6 85 

00 

380 

5* 

76 

*601 

30  X 

:5S  36' 

8*8 

6*0 

66* 

5 8 8 

-71 

13  6 

NO  LHC 

80* 

18 

169 

318 

3 X 

10*  000 

8*  J 

607 

650 

9 0 18 

•7| 

5*  *9 

NO  LHC 

891 

37 

71 

8991 

30  X 

99  9C0 

8** 

606 

660 

5 9:  17 

•71 

55  16 

NO  LHC 

807 

88 

SI 

1591 

10  X 

159  ICO 

8*5 

607 

661 

5 8 10 

-71 

5*  56 

NO  LHC 

803 

16 

163 

908 

3 X 

300  66" 

8*6 

659 

660 

5 0 19 

-71 

1*  18 

NO  LHC 

805 

105 

95 

51** 

SO  OC 

198  *6" 

8*7 

659 

668 

5 0 85 

-71 

13  3* 

NO  LHC 

185 

*8 

39 

re* 

10  OC 

rs  *C0 

8*8 

605 

659 

5 6 89 

•71 

56  t 

NO  LHC 

1 35 

18 

71 

**9 

1 X 

*"9  000 

8*9 

755 

671 

5 8 : 30 

-69 

15  1 

7h 

38 

*0 

*011 

10  X 

'0  "00 

850 

69* 

66* 

5 8 *6 

•70 

5:  1 

157 

51 

106 

1560? 

so  X 

V 000 

118 
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OBJCCr 

i 

R-* 

ore 

SAO 

& 

SPEC. 

V 

P 

pr  AK 

NO.  Of 

ec. 

density 

EXP  1 

DEN.  YOL  ' 

NO 

NO. 

H.  A 

DEC. 

TYPE 

MAG. 

M*0 

DEN 

POINTS 

vOl  jME 

riLTER 

EKP- 

?5l 

755 

673 

5 

8.55 

68 

se  >*0 

306 

68 

59 

10.0c 

371 .600 

686 

66<« 

5 

9:  1 

-70 

1 3:55 

I 1 3 

5 

63 

115? 

l.OL 

1 15.000 

?53 

■’56 

673 

5 

9;  3 

-66 

**8. 3** 

335 

n-i 

1050? 

i OL 

550.000 

683 

663 

5 

9:10 

-70 

19:  3 

133 

•< 

77 

|7t? 

1 OL 

I7l ,000 

?55 

733 

66** 

5 

9:  13 

■69 

31  : 1** 

1 30 

w 

i09 

79? 

30.  OC 

?.633 

e 36 

651 

659 

5 

9:35 

-70 

50  n 

110 

H 

73 

107? 

1 - OL 

107.000 

637 

65'* 

5 

9:**7 

-71 

18-'*9 

13“ 

7 

05 

311? 

30 -OC 

7 053 

?58 

797 

67! 

5 

9:‘*9 

-67 

57:30 

NO  LMC 

186 

*5 

1 13 

168“ 

3C.ee 

56  153 

?59 

797 

67  3 

5 

9:53 

-67 

56:37 

NO  LMC 

81 

10 

"♦7 

377 

;o  OC 

P7.700 

?60 

750 

666 

5 

10:  3 

-68 

56. 57 

NO  LMC 

338 

3“ 

178 

793 

3 Ol 

86“  000 

aei 

71.9 

663 

5 

10:  5 

-68 

57:h3 

NO  LMC 

373 

316“ 

1 33 

7h7i0 

30  . OC 

8“ 90. 333 

?6? 

639 

653 

5 

10:  6 

-71 

39:  5 

1 31 

“0 

8“ 

1300? 

30  OC 

“0.000 

563 

7^9 

665 

5 

10:  9 

-68 

56:59 

NO  LMC 

196 

57 

63 

31  30 

10  OC 

31  3. 000 

^6‘• 

933 

685 

5 

10;  15 

-65 

35:37 

1 38 

>*7 

1 0“ 

1 339? 

50  OC 

““  300 

?65 

680 

655 

5 

10;  3** 

-70 

I**  :'*6 

1 39 

35 

10“ 

683? 

30.  OC 

0P.7JJ 

^66 

83** 

67'* 

5 

10;‘*0 

-67 

13.  59 

193 

171 

79? 

3.0L 

?6  533 

?67 

703 

656 

5 

10:**0 

-69 

55:55 

1“0 

109 

108? 

30.  OC 

3 600 

?68 

930 

67! 

5 

I3:**8 

-65 

39:37 

l“0 

33 

100 

938? 

30  OC 

31  ?67 

a69 

933 

67  3 

5 

13:'«8 

-65 

15:51 

3“933l 

-0:36 

1 :“3 

08 

0 “5 

.00 

356 

81 

101 

5503 

30  OC 

186  too 

370 

933 

675 

5 

13:51 

■65 

15:  7 

?“9331 

-0:33 

3:37 

88 

8. “5 

.00 

109 

38 

50 

1“1  1 

lOOC 

i“i  too 

?7l 

036 

655 

5 

13;  39 

-67 

3** ; 1** 

NO  LMC 

365 

508 

100 

“0563 

30  OC 

135^  067 

035 

657 

5 

1 l.H\ 

-67 

3**r  5 

NO  LMC 

98 

5 

76 

107 

l.OL 

107  000 

37  5 

036 

650 

5 

1 3:**5 

-67 

3**:  3** 

NO  LMC 

330 

59 

171 

!8“h 

3.0L 

61“  667 

739 

6**6 

5 

I3:**8 

•69 

33  8 

NO  LMC 

1 1 

1 3 

80 

3“? 

1 . OL 

3“0.OOO 

375 

7 30 

6'*7 

5 

13:53 

-69 

33:36 

NO  LMC 

35“ 

56 

183 

1906 

3 . OL 

635  333 

376 

357 

631 

5 

13:53 

-77 

16:  >* 

NO 

1“6 

33 

76 

038 

30  OC 

P7  933 

?77 

730 

S'*** 

5 

1 3:5** 

-69 

33:33 

NO  LMC 

'*00 

69“ 

188 

3“  37 

30 -OC 

61  Stl 

378 

636 

657 

5 

13:56 

-67 

33  : S'* 

NO  LMC 

173 

307 

“t 

i*»7e“ 

10.  OC 

l“7a,“00 

379 

730 

6**  6 

5 

13:58 

-69 

33:37 

NO  LMC 

3“1 

319 

83 

3959 

10.0c 

?95. 900 

300 

733 

6‘*5 

5 

!*♦:  M 

-69 

33:37 

NO  LMC 

305 

8 

173 

307 

3.0L 

69  000 

30t 

356 

633 

5 

l**;35 

-77 

16  39 

NO 

65 

>• 

31 

117 

10.  OC 

1 1 •■’00 

383 

070 

656 

5 

m;37 

-66 

31  ; 5 

150 

30 

107 

607? 

30 -OC 

P0.833 

383 

733 

6**  3 

5 

IM:**! 

69 

33;  33 

305 

8 

17** 

300? 

3-OL 

66.667 

38M 

7«*1 

6**  3 

5 

15:  7 

-69 

9:16 

70 

7 

«♦* 

163? 

10  - OC 
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10 

10 

H3 

-??;  9:H0 

186710 

-0 

1? 

•3 

15 

AO 

9 ?0 

00 

?93 

8 

?68 

1807L 

3.(H. 
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7k»7 

33** 

?8i 

10 

18 

HH 

-?5: 13:HH 

186718 

-0 

18 

? 

9 

A? 

8 80 

00 

318 

H 

?e9 

10?  ?L 

3.0L 

3H.000 

7W8 

191 

??l 

18 

10 

H6 

-??:  H:36 

106710/ 

-0 

10 

1 

h9 

AO 

9 ?0 

00 

?V 

H 

?69 

09 7L 

3.0L 

?9  667 

7'*9 

191 

??l 

10 

10 

H6 

-??:  H:36 

18671?/ 

-0 

1 1 

-1 

H6 

A3 

8 60 

00 

?V 

H 

?69 

097L 

3.0L 

?9.667 

750 

?1l 

?39 

18 

10 

h7 

-??t97;?6 

106715/ 

-0 

IH 

-0 

39 

88 

7.70 

00 

375 

7? 

?76 

3H03 

3.0L 

113H.333 

751 

?31 

?39 

18 

16 

h7 

-??:57:a6 

186717/ 

-0 

IH 

-0 

39 

00 

7.06 

00 

375 

7? 

?76 

3H03 

3.0L 

113H  333 

75? 

500 

S'*? 

18 

18 

H7 

-?8;58:H? 

1067?O 

-0 

18 

-? 

09 

9.?Q 

00 
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•« 

Sll 

9e?L 

3.0L 

3? . 667 

753 

?80 

?60 

18 

18 

HB 

-?H:  ?: 18 

186700 

0 

15 

1 

36 

AO 

9 10 

00 
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8 

?e? 

I9h?L 

3 OL 

6h . 667 
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339 

?8'* 

18 

18 

50 

-?5:?0:5H 

106716 

-0 

1 1 

? 

HO 

88 

9 00 

00 

336 

?H 

?6e 

776 

3.0L 

?58.B67 
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339 

?8M 

18 

18 

50 

-?5:?0  5H 

186718? 

-0 

1? 

-5 

A? 

8 00 

00 

336 

?H 

?ea 

776 

3.0L 

?50.667 

756 

•*80 

336 

18 

18 

5H 

-?0;3?:?7 

186706 

0 

1 

-? 

HI 

AO 

9 hO 

00 

3V 

7 

306 

1H6? 

3-OL 

h8  667 

757 

70? 

■♦15 

16 

18 

55 

-33:33:  ? 

?IOOV 

-0 

5 

0 

AO 

9 35 

9 

08 

331 

10 

?9H 

?9l 

3.0L 

97.000 
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?10 

?10 

18 

18 

55 

-??: ig:?0 

186719 

-0 

8 

0 

AO 

8 60 

00 

10? 

1 3 

78 

?eH?i. 

30.  OC 

9.H67 

759 

317 

?77 

16 

18 

56 

-?H:Vr  3 

1 067?? 

-0 

IH 

3 

•*7 

88 

8 90 

00 

317 

7 

?69 

IV? 

3.0L 

5H  000 

760 

?38 

??3 

18 

18 

59 

-??:56:3? 

186715/ 

-0 

? 

0 

15 

88 

7.70 

00 

309 

185 

81 

15701 

30  . OC 

V3  367 

761 

?30 

??3 

18 

18 

59 

-??:56: 3? 

106717/ 

-0 

? 

0 

15 

88 

7 06 

00 

309 

185 

81 

15701 

30.  OC 

V3.  367 

76? 

>*8? 

318 

18 
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59 

-?8;?5:?5 

1067OH 

0 

8 

1 

V 

A? 

6 07 

00 

1 1? 

HI 

75 
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37 . 367 
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18 

18 

59 
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0 

6 

1* 

?0 
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00 
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HI 
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30  . OC 

37 . 567 
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336 

18 

19 
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I067OH 
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10 

? 

?? 

A? 
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00 

331 

8 

301 
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3.0L 

6H  333 
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^7>* 

336 

18 

19 

-?0:?H:5H 

106706? 

0 

7 

51 

AO 

9 HO 

00 

331 

8 
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3.0L 

6H  333 

766 

•♦95 

S'*  3 

18 

19 

? 

-?9:53; 13 

I067?O 

-0 

? 

3 

?8 

89 

9 ?0 

00 

3H3 

51 

?99 

17?5  H 

3.0L 

575.000 

767 

307 

?7'* 

10 

19 

-?H;39:?7 

1 867?h 

-0 

9 

-0 

A7 

9 ?0 

00 

313 

H 

?68 

V? 

3.0L 

30.66'’ 
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385 

305 

18 

19 

5 

-?6;?H:HB 

I867?6 

-0 

9 

1 

H? 

8 

7 99 

00 

HOO 

71 

?96 

3099 

3.0L 

1033.000 

769 

•♦I? 

315 

IB 

19 

6 

-?7:  0:57 

106730/ 

-0 

1 

•t* 

h9 

AO 

8 80 

00 

3?6 

7 

301 

15871. 

3.0L 

V 667 

770 

•♦t? 

315 

10 

19 

6 

-?7:  0:57 

186733/ 

-0 

17 

h6 

AO 

8. HO 

00 

V6 

7 

?01 
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3.0L 
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•*63 

333 

18 

19 

6 

-?B;I0:36 

1867?3 

-0 

5 

? 

?? 

88 
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00 

3H? 

18 

31 1 
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3-OL 

109-667 
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3'*  6 

?70 

18 

19 

6 

-?5:?l:33 

186716 

0 

5 

? 

88 
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00 

107 

37 

69 
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30.  OC 

36. 867 

77  3 

•♦67 

335 

18 

19 

9 
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1867? 3 

-0 

-3 

IH 

68 

8 50 

00 
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55 

30? 

18887 

3 OL 

V9  333 

77'* 

3H0 

?e9 

18 

19 

1? 

-?5:?5:?? 

186716 

0 

1 1 

-1 

h8 

88 
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00 

317 

5 

?e9 
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3.0L 

HI .000 
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503 

3?7 

18 

19 

1? 

-?0:5H:3? 
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0 

7 

? 

to 

89 

9 ?0 

00 

100 

19 

70 
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?69 

18 

19 

16 

-?6;?5:  1 

1867?6 

0 

1 

1 

?9 

8 
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00 
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1?? 

7h 
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353  ?33 
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?3'* 
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19 

?l 

-??:?! :57 

186719 

0 

IB 

-? 

37 

AO 
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00 

?97 

9 

?67 

??9?L 

3.0L 
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•*06 
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18 

19 

?3 
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0 

H 

1 

51 

AO 
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00 

3H9 
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3.0L 
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•*06 
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18 

19 

?3 
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186733/ 

-0 

0 

1 

5H 

AO 
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00 

3h9 

V 

300 
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3.0L 
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18 

19 

?6 
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-0 

1 

88 
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00 

h36 

1?H 
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3.0L 
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10 

19 

?8 
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NO 

97 

?B 

67 
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5'*0 
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19 
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-30:  7:50 
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1 
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00 
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00 
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55 

7h 
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NO 
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3.0L 
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19 
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-0 

18 

? 

10 

80 
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00 
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?9 
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0 

1 

-0 

38 

AO 
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00 
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?0 

1? 
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-0 
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1 

50 

80 
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00 
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V 
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?0 

IH 
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-0 

•* 

? 

35 

AO 
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00 
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30 
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18 

?0 

19 

-?3:  H 55 

10675H 

-0 

1? 

0 

?0 

89 

9.00 

00 

V3 

H6 

?68 
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3 OL 

H80.000 

796 

993 

VI 

18 

?0 

?H 

-39  H6  V 

NO 

99 

IH 

70 

3HH 

30  OC 

1 1 . H67 

797 

396 

V5 

10 

?0 

?6 

-?6:H7:?0 

1067H5 
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?0 

0 

?0 

AO 

9 10 

00 

V? 

H 

?»♦ 

9071. 

3.0L 

V.667 

798 

177 

?38 

18 

?0 

30 

-?1:56:  5 

186763 

-0 

16 

0 

39 

89 

9.00 

00 

?9e 

15 

?57 

h56 

3.0L 

IV. 000 

799 

?99 

?89 

10 

?0 

30 

-?H:I7:  6 

106759 

-0 

8 

1 

55 

AO 

9.?0 

00 

303 

7 

?79 

tH??L 

3.0L 

H7  333 

800 

?30 

?H** 

10 

?0 

3H 

-?3:  5:3H 
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0 

-0 

19 

89 
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00 
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7H 
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oejtcT 

9.4 

OCC 

SAO 

1 

SPEC 

V 

P 

PEAK 

NO  or 

BG 

OENSMr 

E*P  ( 

DEN  VOL  / 

NO. 

NO 

a 

* 

OEC 

Type 

M/G 

MAG 

OEN 

POINTS 

/OL  JMC 

r 11  ’EM 

£<P 

801 

'♦35 

380 

18 

80 

37 

-87; 88 

58 

1867'.  7? 

0 

80 

8 

'*7 

AO 

6 HO 

00 

103 

8 

73 

198  L 

30 

OC 

6 

400 

8oa 

310 

896 

18 

80 

HO 

-8h  58 

3H 

186765 

-0 

15 

-H 

H3 

89 

9 80 

.00 

300 

5 

870 

1O0’L 

3 

OL 

36 

000 

803 

887 

887 

18 

80 

H? 

-8H;88 

10 

186753 

0 

IH 

-3 

18 

A3 

9.10 

.00 

303 

H 

875 

96  ?L 

3 

OL 

58 

000 

BOH 

'*81 

359 

18 

80 

h9 

•88  in'. 

IH 

186761 

0 

7 

-8 

89 

89 

9.00 

.00 

338 

5 

306 

107?L 

5 

Oi. 

55 

667 

805 

865 

'.97 

18 

80 

50 

-37:1'. 

hO 

810087/ 

0 

6 

-0 

1 

B9 

9 08 

e 60 

305 

17 

865 

406 

3 

OL 

168 

000 

806 

865 

■*97 

18 

80 

50 

•37  IH 

HO 

810098/ 

-0 

16 

0 

35 

Ai 

7 8H 

7.71 

305 

17 

865 

406 

3 

OL 

168 

000 

80T 

878 

HBO 

18 

80 

5H 

■ 37.18 

38 

810087/ 

0 

9 

8 

8 

89 

9. 08 

8 60 

IHH 

80 

73 

3453 

30 

OC 

I 15 

100 

808 

878 

h80 

18 

80 

5H 

■37:18 

38 

810098/ 

-0 

1 

8 

38 

A3 

7.eH 

7.71 

IHH 

80 

73 

3453 

30 

OC 

1 15 

100 

809 

366 

319 

18 

80 

55 

-86  8 

17 

NO 

335 

17 

898 

530 

3 

OL 

176 

667 

810 

18H 

885 

18 

80 

57 

-81  56 

83 

186763 

0 

10 

0 

81 

89 

9-00 

.00 

1 33 

89 

73 

5889 

50 

OC 

!C9 

635 

81 1 

7hI 

H3t 

18 

80 

58 

- 3H  . 8H 

15 

810088/ 

0 

13 

-8 

36 

69 

6.79 

.00 

h85 

816 

7H 

188H76 

30 

OC 

4088 

533 

818 

7HI 

H31 

18 

80 

58 

-3H  8H 

15 

810091 / 

0 

0 

88 

AO 

1 .95 

00 

h85 

616 

7H 

188H76 

50 

OC 

4088 

533 

813 

3H9 

18 

81 

-87:55 

HO 

3hh 

59 

897 

1088? 

3 

OL 

687 

335 

aiH 

318 

30  3 

18 

81 

8 

-85:  H 

55 

319 

h8 

875 

1391? 

3 

OL 

463 

667 

815 

938 

507 

18 

81 

8 

-38  36 

18 

810097 

-0 

5 

8 

18 

68 

8-80 

7 87 

167 

1 30 

66 

7100 

30 

OC 

839 

600 

816 

575 

37  3 

18 

81 

H 

-30;Hl 

1 3 

81010) 

-0 

7 

1 

H6 

AO 

8.03 

7 61 

67 

8 

63 

174  L 

30 

OC 

5 

600 

817 

989 

586 

18 

81 

8 

38  HO 

19 

810097 

0 

8 

-1 

55 

68 

8.80 

7 87 

869 

13 

?HH 

H80  L 

3 

OL 

140 

000 

et8 

378 

305 

18 

81 

1 3 

-86:  7 

H3 

NO 

186 

58 

7h 

1838 

30 

OC 

61 

867 

819 

389 

333 

18 

81 

18 

-86;H8 

9 

33H 

HI 

898 

I?l  1 ? 

3 

OL 

403 

667 

e?o 

380 

331 

18 

81 

85 

-86:30 

39 

186780 

-0 

8 

0 

36 

AO 

8-50 

00 

368 

h9 

887 

8003  M 

3 

OL 

667 

667 

881 

685 

H37 

18 

81 

89 

-33:88 

810108 

0 

17 

-3 

89 

AO 

e.H6 

8.10 

309 

H 

866 

85  ?L 

3 

OL 

86 

333 

888 

387 

31H 

18 

81 

3? 

-86:89 

IH 

186780 

-0 

8 

1 

AO 

8 50 

00 

168 

66 

75 

3589  M 

30 

OC 

1 17 

633 

883 

889 

300 

18 

81 

HO 

-8H:89 

31 

196707 

-0 

80 

-8 

56 

69 

8 60 

.00 

897 

5 

878 

106?l 

3 

OL 

35 

533 

88H 

380 

335 

18 

81 

H6 

-86  38 

80 

186700 

0 

1 

•1 

5 

AO 

8.50 

.00 

317 

10 

890 

885?L 

3 

OL 

75 

000 

885 

81  3 

H67 

18 

81 

>♦7 

-36:  8 

81 

NO 

109 

H6 

65 

158h 

30 

OC 

50 

600 

886 

81  3 

8H9 

18 

81 

51 

-88  38 

He 

186796? 

-0 

39 

>. 

19 

68 

9.60 

-00 

95 

H 

78 

06’ 

30 

OC 

8 

067 

887 

865 

>*86 

18 

81 

5H 

-37:  9 

8 

810188 

-0 

1 

1 

39 

69 

6.01 

7.70 

188 

66 

66 

8534 

30 

OC 

84 

467 

888 

893 

88H 

18 

81 

56 

-8H:86 

1 

106787 

-0 

5 

C 

8H 

69 

8.60 

00 

108 

38 

66 

983  L 

30 

OC 

30 

767 

889 

335 

300 

18 

81 

56 

-85:81 

55 

119 

9 

76 

876? 

30 

OC 

9 

800 

830 

8H6 

HSl 

18 

81 

56 

-36. H5 

85 

810181 

-0 

8 

0 

18 

68 

9 38 

9.08 

130 

8h 

66 

3H86 

30 

OC 

1 14 

800 

831 

977 

553 

18 

81 

57 

-39:H5 

18 

8101 IH? 

0 

80 

3 

HI 

A5 

8 96 

8.96 

865 

H5 

830 

1401  H 

5 

OL 

497 

000 

838 

977 

553 

18 

81 

57 

-3'>:H5 

18 

810115 

0 

10 

-H 

1 

88 

8 68 

8.80 

805 

h5 

830 

1h91  m 

3 

OL 

4 97 

000 

833 

575 

HQH 

18 

81 

59 

-30:57 

8 

810180 

•0 

0 

8i 

AO 

8.H7 

8.07 

353 

16 

890 

633 

3 

OL 

81 1 

000 

83H 

985 

535 

18 

81 

59 

-39. HH 

80 

8101 IH? 

0 

88 

>4 

39 

A5 

8.96 

8.96 

178 

169 

71 

9088  H 

30 

OC 

308 

733 

835 

985 

535 

18 

81 

59 

-39:hh 

80 

810115 

0 

1 

-3 

3 

68 

8 68 

6 80 

178 

169 

71 

9088  M 

30 

OC 

308 

733 

836 

883 

301 

18 

8? 

8 

-8H;83 

17 

186707 

0 

3 

18 

89 

8.60 

00 

899 

6 

871 

37  L 

3 

OL 

45 

667 

837 

883 

301 

18 

88 

8 

-8H;83 

17 

186797? 

-0 

33 

3 

88 

AO 

9.60 

00 

899 

6 

871 

37  L 

3 

OL 

45 

667 

838 

837 

H99 

IB 

88 

3 

-36:H5 

38 

810181 

-0 

0 

10 

68 

9 38 

9 08 

300 

1 1 

86H 

309  L 

3 

OL 

103 

000 

839 

680 
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